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6 : Conclusions  
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6.1 Conclusions Research on active colloids has convincingly established the dynamics of colloids. Further, many different model systems of realizing self-propulsion have been demonstrated. This has resulted in experimental and theoretical studies of non-equilibrium systems – model model systems which can be used to understand phenomena related to locomotion, swimming and swarming that are generally associated with living systems. This thesis has focused on aspects of the motion of colloids and has explored certain uses for active matter.  In particular, the thesis has demonstrated how the speed of catalytic micro-motors can be increased by increasing the effective surface area of the Janus colloids, and how a complex topography changes the dynamics of the self-propelled colloids. The colloids move due to the decomposition of hydrogen peroxide which limits their usefulness. Still, the method used to increase the speed in this thesis and hence the catalytic activity of the colloids is general, and can therefore be applied to other materials and surfaces. The method could also be useful in the fabrication of metal electrodes and can lead to significant enhancement in turnover rates of catalytic reactions.  The demonstration of a sensor functionality in self-thermophoretic swimmers circumvent the challenges of bio-compatibility, since it relies on local heating rather than reactions in hydrogen peroxide fuels. Hence, this approach is in principle suitable for in vitro biological applications. However, experiments with nano-diamond sensors remain challenging as the required microwave radiation for spin transitions are emitted from linear antenna that can 
only deliver powers in its close vicinity (<100 μm). Hence, a better antenna design that can deliver microwave power to the entire sample volume and specimen must be developed. Also, since the experimentally observed change in optical intensity is around 10%, the system is susceptible to external noises and is only well-suited for optically transparent mediums. Nevertheless, future experiments with self-thermophoretic swimmers could be used for in vitro monitoring of local properties of biological samples, e.g. living cells, with nanodiamond-coupled swimmers. A major result of this thesis is the demonstration of a material property that arises and depends on the self-organization of active colloids. An active opto-rheological medium with 
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a biocompatible chemical fuel is realized. While the viscosity change that has been demonstrated in the active opto-rheological medium can only be maintained at lower strain rates, the system is based on inexpensive commercially available products, and can thus be useful for a number of applications involving colloidal materials. Future research could focus on the development of analogous active materials for higher strain rates. Nevertheless, the system is shown to be chemically stable, and can be prepared in large quantities, and can therefore serve as a model system for studying collective behavior of active colloids at high density. Many questions remain to be addressed in the field of self-propelled and active colloids – both in the study of single particle dynamics as well as the collective behavior of colloids. Single particle dynamics studies have, for instance, so far been limited to two-dimensional space. One may ask the question if colloidal motion and self-organization in three dimensional space can be suitably controlled, for instance by optical holography techniques to fabricate three dimensional microstructures, or by chemical means via chemotaxis. With regards, to collective dynamics, it will interesting to see if inanimate active colloids can demonstrate the rich collective phenomenology observed in cells and microorganisms. Active matter can also be investigated from the point of view of fundamental statistical physics, where one can ask several questions like how does directed collective motion arise from random motion of individual units and what role does hydrodynamic and chemical coupling play in such phenomena. Further, the thesis has adopted an experimental approach to study active matter. Simulations of the active materials had been studied in literature before. However, with the experimental techniques presented in the thesis it becomes possible to compare simulations with real experiments and design new properties in active matter. Hence, future studies can involve detailed simulations the experimental active material system presented in the thesis to fabricate materials with designer properties.  Finally, one major goal of the field is to develop colloids that can be used as ‘intelligent autonomous’ particles, for instance as drug carriers for targeted delivery into specific cells.  
